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Abstract—Through the observation of phase behaviors in polystyrene-toluene-CO, systems by varying CO,
concentrations the LCST and UCST have been determined experimentally. Fractionation of those solutions
has been performed utilizing liquid-liquid phase split phenomena. The experiment shows that only LCST
has been detected when the concentration of CO, is 15.0 wt% for the temperature range from 7.6C to
100T . We also observed UCST as well as LCST at 16.2 wt% of CO; and the dramatic merge of two critical
solution temperature curves by increasing CO, concentration to 16.6 wt%. When the concentration of CO,
is 16.6 wt%, the fractionated polymer samples have been obtained at different experimental conditions, and
those samples have been analyzed in terms of molecular weights and glass transition temperatures.
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Fig. 1. Schematic representation of the effect of SCF ad-
ditive on the P-T behavior of a polymer solution.
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Fig. 2. Schematic diagram of experimental apparatus for the phase behavior observation and fractionation of polymer

solutions.

1. CO; cylinder 7. Solvent reservoir
2. Check valve 8. Circulation pump
3. CO, reservoir 9. Air bath

4. Co-solvent 10. Safety head

5. N, cylinder 11. Sampling valve

6. Metering pump 12. Pressure regulator

s gz} 4ol 7ke] A}f43] 2polr} it 1
BAh-£uj 2] compatibility7} 27}5] 3 Az o 2 oo
AEe)7b dejvhe LCSTE 97] s 228
74A1A ok 87] dfol LCSTY 7)&71al (9T/aP).7}t
9] & e oz AW + slvh HelA Ay
£ us} o] LCST7} ok2] 7]&7]§ Holy bddel
UCSTS) 71$7]& AVy 7|&719] F-3) we} ofolrt
£ F 7}A7} Qlek UCSTe] 7$-oll (9°ASu/owd).
7} 29 & Holu, (FPAVi/gwh)E &3} ¥ ¥3
& Ho|7) i Fe A=A UCSTY 7|-&7)%= LCST2}
€ 29 F 7k A% g 5 Aok

¥ Balgk BXE 2k aEAEAS dAY 25,
stH sl 4] 28 3}1A) = polymer-rich 43l gels} sol-
vent-rich A+3l soli a7l deojut 2709 M B &
BAlgF BEE e EAR JE 5 ok 23w 2904
s 23 _T’_:r?‘l' SN 9] A 3-g A4kstr] 9)s)
A]+= polymer-rich A}3} solvent-rich 4+2] s}at=rl o]
Zojo} Fche Holl A E4stA =, IEAE X
k= Alo) st gL BE ol A= 33 ¥
AL AV g-al7| Zaksln] TR B2} 2] HelE

Zkel 2 4 Sl o] E50] Aste o] FolE pertur-

13.
14.
15.
16.
17.
18.

Variable-volume cell 19. Trap

Magnet 20. Rotameter
Air bath 21. Flow totalizer
Light phase

Heavy phase

Micrometering valve

bed chain theory[17, 18]1} Ilattice equation[19,20)
ol A2 F AR Aol A 2F3= shetu]g F4be|
FA Al i stEA-Gl 2 o] FEA L] Aol ¥]
24 A&7 A 4ro) 7}%5-81A) 2t polymer-solvent-SCF €]
34EA A= A A7} oi-g EAs R shelv]E] )
FE UF Bolx AxpHel A4be] o2 Ho] AMA
olch. ofel oyt s)Aw<t 3}‘4i A5AQELE o]
£ HES AAY 4 ded, 95998 £3)
o} 2Ae] WL FEE e ‘S‘%la TEgTE
B3t dqatd EARE ALk Wy Eelti{21-
26]. i AA 2 AFAN M= nEALA AT
A% Flory-Huggins 3 ¥-£5 7+& S39] oy
gHql ;g A% A2 WY EQY d45dgdE =
et nEA} g R HIF AHY A4E 3
3 Fo]ct.

3. AEHEX A AEuH
E ATl 2YdAFAE ke 499 AHAES
A@sl R B382 Al ws}7] 98] view cell-2

72+ AH AR E A2t ) o) AFAAE view cellg

HWAHAK KONGHAK Vol. 32, No. 1, February, 1994



98 A% - ol %

2332 A7) dEol AAE BFE AT static Y
A8 753, 294 #A 2ol % £Ho) s
flow-through +3 715 Aol 2332 Y Aolch

3-1. AYEF

ZYAFAE o] &3t iR} Balo AHA, FYg
2 ZE2} 49 4AE-S Ashe A¥EA 7} Fig
29t o, AYAAE A Lol AAFDH A
F&, FYANE AHY AR JE F 2k 2UA
o] £471~ £2 entrainer® TP EPEL
AAske HA2(7)E air bath(9) el A3tz 7}4t
€ $13td metering pump(6) (Milton Roy Co., model
92014903) & AH&3tgtl. Metering pumpy duplex
type > 2 gas-entrainer EFEE AlEsh= A$de
entrainer(4) & 7}~ 9} @A AR ZE s1etsiA H
o ARz fAE EH] A3l cUH=B)E
A st ARz}t £HH I air bathol] Az 5 o]
seo &5 24 PID =4 7)(RKC Instrument Inc,
model REX-C900)& AHg-3tich.

AZz(D AL 71 /A5 AAT B3 F
Z7]9) 9L 3= view cell(13) 2 Bul=d) ¢z
A7](12)(Tescom model 26-1021-24) & o}&3}e] gt

&+ 2R3k 28AF S99 AAEE FAE 2
YAFAE o1& F&& A%t air oven(15)
view cell(13)-g& M AzldEd 2xx4dL PID 237)
(REX-P100) & Alg3elgden +0.1C 2 $x3lgch
View cellZ WF ¥9& 243l=5 A28 232
glor, FyPateiol we] =317 §]8te view celly g
magnetic barg 2]%-2] magnet(14) 2.2 3HAAH &
ol % H = F stg) o] A9 FAF FES FHE
3% F o= view cellQdl 2 AP AH8-3]Y view
cell.& ovendlol] #H o2 Hx o] & 7§12 windowE
53+ cellie] HEES AY §elo 2 B S gleng
A ste] fao] Lo3lA| o] Fof A 4 9 2m, mova-
ble pistongd AFZ o] FA|ZoZN celllld FAE
kA dax obEg WA 4 qdorE dA
ZA 8o A st o] Wsle] @2 s Fae] 715381
= sk aEAt S99 AAEE BAT Fo -
of Abge] dAE o] 4% nEA BHAEE 27 4
sl light, heavy A& H#E F & port(16,17) &
sF=gc}. View cell?] 9H2]-2 1000 bar7} ] 4] 715§
digital pressure indicator(Precise Sensors Inc., model
4216s-15,000-01-p1) & ol-&3}d ¥qlatg o, dHE
3&ted view cellod] 8,500 psiollAl €)== safety head
(High Pressure Equipment Co., model 60-61HM4) &
Ax)shedct.

o3 H32A M1E 199444 28

Alg o] ¥AgF RE = WatersAhe] GPC(model R
401) & o] -43te] ZA3}g &l ultrastyragel 500, 104,
10° & 3709] columng A7 ske] A}g-shaich. GPC 4
Al Al8-% 8-m)= HPLC4 tetrahydrofuran(THF) o]}
ok ZEA £49 4¥84¢ sl-+ DSC(Du Pont
Thermal Analyst 2000)& *}-&3}c}

3-2. AlHubH

A Ao AAS B Y 2L 9T A 2
A4 EAZ polystyrene(PS)-& AAsgon w83}
f-olo] anti-solvent® H7lEE 7122 C0,(99.8%) =
Ab8-8te] 2 $vll 3= toluene(Burdick & Jackson, 99.8
%)& AHg-sloled TFE AFEL to]at YA EA|
¥ AHg-E4ch

AdA 24, XA e b ApHsE el
Al 2= HA view celllo] 9she ko CO,, ¥},
S E FYsok gt ol & #3le view celld] ¥u1E
calibration#f o} sl HAEo] AA A2 HAYL
o #te] CO2 &4 Axt Ul Fu)7} 83.8 cm’ol o}
AL w4 view cellje] H2ES HFuoz 9%
A7 ehgol| At obe] nEAH(5 wt%) 40 EES
cellfel] H3l= 3] 9 FA gk FAZ| 2 F]A) 7k
kb 9l ¥ 4o o) B3l g ) 23 e R] B2 CO,
£ Ag 7 dud Agstaz s COe 24L& %
71 gallde COE drly hHoz vnz] i
F3hd Hlohs Zoj AlAHEE o] wte} COE cell
Woll A-4-A =t A% Aol view celld] 257}
Yahe 22 HAE d7ix 2§ AIE 7|ceio}
2= W3R 1 23-E 2 F e, & AYdAe
cell?] 258 AL TdA}7]7] $13te] BE 54|
7r o14E ZIgsekr AYE A1) View cell)
EASHo g wibsigdA 227 A o s
= cell®] Fuboll $)%]]F 1/4 inch portZ &£53 CO,
Z #4389 movable pistong & oj4 cell e 3H4
€+ WAk AR 24, LxolA fY Wl o
A 3= borescope(Olympus model F100-024-0053
831622) & Al4-3t aAsigedl 2EAte] HSde
st o} PP =dshe A7ke] BE9
7redgt Al s o}l F Z7] wf Roll tuist Fol=
F2 A1ZE 719 gged 4ASS AAsch
Polymer-solvent-SCF systemell A A %5S #3A3 &
off -of AHRu)7} dojibs 2R Wb WD
12217k o] 4 WX 3led heavy 37} lightdo] ¥-e)7} &
3] o] FoAA =Hd 7} g A3t 2EA} 44
A g o] 23 +88 niA A EF 4ok 2
A& A3+ microreactorE ©}43 14 sampling



294% AN 28 So49) 4AE F $H 99

bomb& AH&-3tgied), A AExE Seckner 5[13]
o] AHg3 o 2 el3yc) AEAH Ao sam-
pling bomb2] FA & A2 —20T 9 L2l Y& Fo
valve S ZA3lY COZ o}F 443 vent A7) 3 4]
sampling bomb2] A& $H P2 H X552 CO2
TAE AAstg.en, sampling bombe] AEEES §
2 £84]7]2 o}A] 8o1E vacuumslell A A A3t
sampling bombul ol 1K1%) a¥-xte] s} §of o s
AAbstgth 28d ® oA 74 29 =
ABcke GPCe DSC #4& F3 &35 A=k
frelde] 22 E Yellon o9 PEE A=t

4. Axnt 9 nE

B P A 82} 8o 2] A4 E(phase behavior)
< A3l B Axdiged APE 3] 9L
A#go] L3 Zrh

4-1. PS-toluene-CO, system2| AHE
Polystyrene-2 tjAH52 2 Qe g o]-f= PS-toluene
system[27]¢} 413 3] 2} 8.9} PS-toluene-ethane system
[13]9] AA% 2 o-of A4RejE o147 387}
57 dFol B AP A7 A} vshr] A%
et} Saeki S{[27]2 PS-toluene systemel4] LCEP
£ 284C 2 ZA st UCEPE —70C H=9 @2
-%EZ’}ZI Alzslgient AdHez 24% 5 it
w3 Seckner £[13]2 PS-toluene £§HE o ethane&
F7kA1AA LCSTE UCST7} ethane®] gXxoll we}
o]Esh= #AS wEsloled], ethaneo] 17.8 wt%d
= LCEP~} 122¢ 7} 52 22 wt%ell A€ 53C & 3
28t 249%9] wyE2 5w UCSTS LCST7H 334
HE RS WAk tl&o| ethaned] Fx7l ¥
Aol FHE o] F&E7] wFoll UCST7H &3
ethane?] A7}2 & 258 o]E3vhe HAEEL R
o} A4 2 UCSTE Aoz gald 2L ot
B o Fof 4} = PS-toluene-CO, system2] AbAE-ol off
§ CO,9l 82 47 u7] 83l CO, FEE WA
7194 UCST % LCSTE &£A3 4k CO8 F=5
15 wt%E 3ta L& W stA7 e AdErt dojve
e 233 AYAEE P-T diagramAtel] vjehdl
7] Fig. 3¢ =A|5e] gledl, APL£xql 7.6-100T
#H 2ol A LCST curve dtel] &213}#] ¢tevi LCEP=
86T ¢t} webA] PS-toluene systemol| 4] Saeki &
[27]¢] LCEP =lg¢} vjmsle 2 o) 15wt%2] CO,
717} LCEPE 198C whgelu} 3taAl7]w ethaneX
} COz0) 717} LCEPE ofa: 2A #HaAge o F

150

LL

100 -~

Pressure(bar)

SO

LV

4. 1 s i 1 4 I A I /]
[ 50 100

Temp.(°C)
Fig. 3. Pressure-temperature diagram for the PS-toluene-
CO; system(CO; concentration: 15.0 wt%, O: ex-
perimental data)
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Fig. 4. Pressure-temperature diagram for the PS-toluene-
CO; system(CO; concentration: 16.2 wt%, O: ex-
perimental data).
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Fig. 5. Pressure-temperature diagram for the PS-toluene-
CO; system(CO; concentration: 16.6 wt%, O: ex-
perimental data, @: sampling point).
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Table 1. Effect of SCF on LCEP of polystyrene-toluene-

SCF system

System LCEP(C)
1. PS-toluene* 284
2. PS-toluene-ethane**

17.8 wt% 122

22.0 wt% 53

249 wt% UCST and LCST merge
3. PS-toluene-CO

15.0 wt% 86

16.2 wt% 41

16.6 wt% UCST and LCST merge

*Saeki et al.(1973)
**Seckner et al.(1988)

Table 2. Fractionation results of polystyrene from liquid-
liquid phase split in PS-toluene-CO, system

Condition M, My Map/M, TAC) Mwds/My),

Parent 61,200 232,900 381 1010 -
30T L 77019 180,899 235 1050 1.92
73.1bar H166,324 346,947 209 1029
40T L 56,122 168904 301 1011 1.87
73.1bar H148,512 315675 213 1062

50C L 28367 187411 6.61 96.9 185

73.1bar H 140,149 346,032 247 1043
55T L 41,098 240937 586 1003 1.01
73.1bar H 90413 242,587 268 1065

70T L 36979 194,005 525 974 132
883bar H 99,061 225,741 258 1059
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